heavy metal pollution. We took blood samples from the patient and performed karyotype analyses, next-generation sequencing (NGS), karyotyping, fluorescence in situ hybridization (FISH), and AZF microdeletion test. In addition, the parents underwent karyotype analyses, and the results were normal.
Cytogenetic examination: The patient's samples were used for peripheral blood lymphocyte culture, production, and G-banding. By counting the 20 metaphase cells, and analyzing the three divisions, karyotype 47,XYY,dup(13q12.11),t(4;9) (q21.1;q22.3),r(21)(p12q22.3) was determined [ Figure 2 ]. NGS result is shown in Figure 3 , FISH results are shown in Figure 4 , and the results of microdeletions on chromosome Y is shown in Table 1 .
diScuSSion
Reciprocal translocation is common in humans. Around 0.0283% of newborns have reciprocal translocations. However, most translocations occur between two chromosomes, and in theory, these translocations will produce 36 different gametes, and most of them will lead to abnormal chromosome recombination. [4] In our case, there were two translocations between chromosome 4 and chromosome 9. Thus, it was difficult for the patient to have a normal baby, as most fetuses would be lost or spontaneously aborted. [5, 6] Unfortunately, the patient had two Y chromosomes and a ring chromosome 21. Although individuals with 47,XYY and ring chromosome 21 can produce sperm and even have children, most of their sperm carries abnormal chromosomes, making conception unlikely.
Patients with 47,XYY can have normal sperm development and conceive, but 47,XYY can also cause sperm deformity, lower sperm counts, and sperm abnormalities. However, it is less likely to cause azoospermia. In addition to the Y chromosome, multiple translocations may also affect sperm development. A balanced translocation of two chromosomes can produce 36 types of gametes, but the ratio of abnormal sperm to normal sperm will be much greater, leading to a higher deformity rate. However, it is uncertain whether this leads to azoospermia, and azoospermia may be more relevant to Y chromosome microdeletions, such as Y chromosome AZF, [7] or the X chromosome's effect on the Y chromosome. Currently, while the effect of chromosomal translocation on azoospermia is not confirmed, there are reports, such as the one by Feng and Yang, that have found the condition t(Y; 4) with azoospermia. [8] With the exception of Y chromosome translocation resulting in aberrant pairing between an abnormal sex chromosome and another chromosome, interference with the normal inactivation of spermatocytes in the pachytene period affects genetic regulation of sperm cell differentiation and causes azoospermia. At the molecular level, mutations in the AZF genes on the Y chromosome can affect the patient's sperm development and can also cause azoospermia. Recent studies have shown that a balanced translocation between autosomal chromosomes and a Robertsonian translocation may also contribute to spermatogenic failure. [9] [10] [11] During a balanced translocation, most fault points are located on untranslated DNA regions, and thus, it has little effect on gene function, resulting in the normality of most carriers of this genomic phenotype. However, through studies on carriers' sperm morphology, penetration, chromosome composition, and information, many researchers have confirmed that balanced translocation has a negative effect on male fertility. The 47,XYY syndrome was first discovered in 1961 by Sandberg. [12] Records show that symptoms are not apparent in childhood, but appear in adulthood, perhaps due to strong and unbalanced hormone secretion. The intelligence quotient in adult patients is lower than average. Other symptoms include a violent temper, impulsive and aggressive behavior, muscular weakness, poor balancing ability, ataxia, and antisocial features, such as those found in criminals. Some patients can also have nodular acne and skeletal deformity, especially of the radioulnar joints. The sex characteristics are identical to those in healthy men. If the patient does not have a skeletal disorder, he can work freely and has no difficulty in climbing stairs. Surprisingly, the patient described here demonstrated an introverted and gentle temper and did not show obvious XYY behavioral characteristics, such as irritability and aggression. The patient was always submissive to his mother and had even served in the army, which made it difficult to believe that he was a 47,XYY patient. In general, 47,XYY patients are tall, and this case was not an exception, as he was 184 cm tall.
This patient also had a ring chromosome karyotype. Because of the ring chromosome's instability, it is easily lost in the process of cellular mitosis and meiosis. Interestingly, it can also produce a dicentric chromosome ring and even a double-ring chromosome, causing cellular ring mosaicism. In males, a ring chromosome can contribute to spermatogenic impairment. Most reported ring chromosomes show mosaicism, but in this patient, it did not, which is very unique. Ring chromosome 21 [R (21)] refers to the formation of circular chromosome reconnection of chromosome 21, and more than 80 cases have been reported thus far. Most R (21) cases are de novo mutations, and only a few have familial heritage. [13] [14] [15] R (21) has many clinical and phenotypic variations, ranging from relatively mild phenotypes, in which individuals may be normal or only experience sterility or infertility, to severe deformities of various visceral organs or the presence of the trisomy 21 syndrome phenotype. Male ring chromosome carriers can also have spermatogenic disorders. Yanwei Sha investigated R (21) male patients [16] and found testicular tissue damage, spermatogenic arrest, and the characteristics of azoospermia. It has been found that ring chromosomes 7, 11, 14, 15, 18, 20, 21, and 22 involve familial heritage, and patients with familial inheritance of a ring chromosome usually do not have distinct clinical phenotypes. In this case, the patient had azoospermia and no AZF microdeletions, and further research is required. We also found a duplication of 0.3 Mb on 13q12.11, but there were no Online Mendelian Inheritance in Man genes in this region; thus, this duplication is not associated with neural and intellectual development. We predict that it is not possible the duplication of 0.3 Mb on 13q12.11 can lead to low intelligence of this patient.
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